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Design for additive manufacturing (DfAM) has enabled the creation of
complex lattice structures using selective laser melting (SLM) in
additive manufacturing (AM). This study focuses on triply periodic
minimal surfaces (TPMS), specifically the split P lattice, which
optimizes fluid flow in gas-solid contacting systems for carbon capture
applications. The TPMS design enhances gas interaction with large
surface areas, crucial for improving mass transfer in chemical processes.
Despite significant research on TPMS structures, comprehensive fluid
flow analysis for split P lattices in direct air capture (DAC) systems
remains limited. This study investigates the effects of varying wall
thicknesses (0.4 mm, 0.8 mm, and 1.2 mm) under laminar flow
conditions in 5 mm unit cells, across Reynolds numbers (Re) ranging
from 25 to 125. Results show that the TPMS structure increases the
surface area by 35% and boosts inlet velocity up to fourfold. Thicker
walls lead to higher pressure drops and localized acceleration, resulting
in a higher velocity profile within smaller pores. The 0.8 mm wall
thickness demonstrated the best balance, offering superior area-averaged
velocity and uniform flow distribution. Compared to previous TPMS
studies, the split P lattice design achieves a more uniform distribution
and improved permeability, making it a promising solution for DAC
reactor performance.

INTRODUCTION

Design for additive manufacturing (DfAM) is a methodology aimed at optimizing functional performance
by leveraging the unique capabilities of additive manufacturing (AM) technologies. AM enables the
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production of highly complex structures through a layer-by-layer material deposition process (Plocher &
Panesar, 2019). Unlike subtractive manufacturing, where material is removed from a solid block to form
the final product, AM offers the flexibility to create intricate geometries with minimal waste. This
technological advancement has transformed sectors such as aerospace, healthcare, and chemical
engineering by enabling the development of lightweight, high-performance components with optimized
material usage and enhanced functionality (Xu et al., 2021; Zhang et al., 2021).

The American Society for Testing and Materials (ASTM) established the "ASTM F42 — Additive
Manufacturing” group, which defines standards for classifying AM processes into seven categories
including vat photopolymerization, material jetting, binder jetting, material extrusion, powder bed fusion
(PBF), sheet lamination, and directed energy deposition. Among these, PBF has proven particularly
effective for fabricating functional parts from metals and alloys. PBF encompasses several techniques,
including direct metal laser sintering (DMLS), electron beam melting (EBM), selective heat sintering
(SHS), selective laser melting (SLM), and selective laser sintering (SLS) (Kawalkar et al., 2022). SLM
stands out due to its ability to achieve higher part densities compared to other PBF methods, where the high
energy density of laser beam promotes full material fusion and eliminates porosity (Nagarajan et al., 2019).
SLM has gained broad industrial adoption due to its capability to directly manufacture fully dense metal
components without binders or additional processing (Rabuan et al., 2023; Maconachie et al., 2019). The
process involves spreading a thin layer of metal powder over a build platform and selectively melting it
using a laser beam and controlled by a galvanometer, to fuse specific regions. This process, repeated layer
by layer, is ideal for producing complex geometries such as lattice structures, which are critical for
optimizing performance in various applications.

The concept of 3D design in engineering frequently utilizes lattice structures, which are repeating
patterns that fill a volume or space. These lattices, inspired by natural forms, include beams, plates,
honeycombs, triply periodic minimal surfaces (TPMS), and stochastic lattices, each offering distinct
structural benefits for various applications (Maskery et al., 2018; Yin et al., 2021). Lattices are particularly
valued for their ability to meet lightweight design requirements while maintaining mechanical strength.
TPMS, which is mathematically defined, surfaces with intricate, repeating topologies, and divides space
into interconnected domains. Stainless steel TPMS structures fabricated using SLM have been reported to
exhibit exceptional properties such as high surface density, permeability, functional gradability, and
optimal thermal conductivity (Laskowska et al., 2023). The geometry of TPMS lattices significantly affects
fluid flow, impacting parameters such as velocity, pressure drop, permeability, and mixing (Hawken et al.,
2023; Li & Iskander, 2022). In single-phase flow through a lattice medium, four flow regimes are
recognized, which are creeping (Darcy or Stokes flow), inertial (steady laminar), transitional (unsteady
laminar), and turbulent flow (Wood et al., 2020). These transitions are governed by the Reynolds number
(Re) to determine the relative importance of inertia and viscous effects.

Various types of TPMS lattices, including gyroid, diamond, split P, primitive, lidinoid and neovious
have been explored for their unique structural properties across multiple engineering fields such as tissue
engineering, structural engineering, phase change cooling, and heat transfer. Notably, TPMS lattices are
gaining attention due to their potential to optimize both mechanical and thermal performance. For instance,
studies on TPMS-based heat sinks have demonstrated that diamond structures, under forced convection
heat transfer, outperform gyroid structures, achieving a 32% improvement in thermal performance under
similar flow conditions (Al-Ketan et al., 2020). Additionally, research on heat exchangers revealed that the
primitive TPMS structure concentrates high-velocity fluid flow near the central region of the cross-section,
while the neovious structure exhibits the highest local acceleration, with velocities 2.3 times greater than
those in the lidinoid structure (Xu et al., 2023; Xu et al., 2023). Although most studies on the split P structure
focus on its energy absorption properties, such as its high specific stiffness and energy dissipation due to
its large surface area, there is significant potential for further investigation into its fluid flow characteristics
(Miralbes et al., 2022). The split P morphology marked by large pore size, a high surface area-to-volume
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ratio, and pronounced local curvature suggests promising applications in optimizing fluid dynamics and
enhancing mass transfer processes.

Agendas 7 and 13 of the Sustainable Development Goals emphasize the urgent need for active carbon
mitigation strategies, with a key focus on reducing carbon dioxide (CO2) emissions. Direct air capture
(DAC) systems designed to remove CO; from ambient air rely heavily on adsorption bed configurations to
increase surface area for gas-solid contact. However, current large bed designs face significant challenges
in optimizing CO; capture efficiency due to non-uniform mass and heat transfer rates. These inefficiencies
disrupt the adsorption equilibrium and limit the reactor's overall performance. While conventional packed
bed reactors can enhance contact area through structured or random packing, such as Raschig rings (Alix
et al., 2019). The design faces a problem with high flow rates, often leading to increased energy
consumption and diminished adsorption capacity (Gunawardene et al., 2022). Achieving uniform flow
distribution and effective heat and mass transfer within these systems remains a major challenge in DAC
technology. A promising solution to these limitations is the use of structured packing designs such as the
split P lattice configuration, which offers better control over gas-solid interactions. The split P design
maximizes surface area while lowering resistance, enabling more efficient airflow through the reactor and
enhancing CO, contact between the sorbent materials. This could lead to faster adsorption kinetics and
improved mass transfer (Baghapour et al., 2018; Young et al., 2023). Additionally, the structured reactor
flow characteristics allow for higher flow rates and more complete saturation of the sorbent bed,
significantly improving adsorption efficiency compared to traditional fixed bed designs (Dhoke et al., 2021;
Zimmer et al., 2021). This structured approach has the potential to increase adsorption rates by 3 to 10
times, making it a key innovation in optimizing DAC reactor performance.

Recent research on reactor design for carbon capture focuses on optimizing key operating parameters
such as adsorption time, gas velocities, contact efficiency, and gas-solid interactions (Yu & Brilman, 2017).
The advent of additive manufacturing has enabled the creation of intricate 3D structured packings,
specifically designed to enhance mass transfer performance in adsorption systems (Ellebracht et al., 2023).
This study investigates the design and performance of split P lattice structures for DAC applications,
employing computational fluid dynamics (CFD) analysis. Despite extensive studies on TPMS-based
structures, a research gap exists regarding the specific influence of split P lattice geometries on flow
performance in carbon capture applications as a base exploration for future thermal and carbon adsorption
assessments. This study addresses the limitation by evaluating the effect of varying wall thickness on the
velocity profile and pressure drop within split P lattice structures. By investigating these parameters, this
research provides insights into optimizing TPMS designs for carbon capture applications. The analysis
focuses on critical factors influencing CO, adsorption kinetics, specifically the fluid-surface interactions,
velocity, and pressure profiles. By examining the effects of the split P configuration on these parameters,
this study offers valuable insights into improving DAC reactor efficiency and contributes towards future
advancements in structured lattice designs for carbon capture systems.

METHODOLOGY AND RESEARCH MATERIAL

Design of Split P Lattice

The level set equation for the split P structure is derived using the Cartesian coordinate system (X, Y,
Z) and a specified isovalue. This isovalue is commonly used in mathematical and computational modeling
to define a surface in 3D space, particularly in level set methods or implicit surface modeling. The isovalue
directly influences the design and characteristics of the lattice structure. The mathematical expression of
the split P structure in Equation 1 (Lehder et al., 2021).
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1.1((sin 2X cos Y sin Z) + (sin 2Y cos Z sin X) + (sin 2Z cos X sinY)) — 1)
0.2 ((cos 2X cos 2Y) + (cos 2Y cos 2Z + (cos2Z cos2X )) — 0.4 (cos 2Y +
cos2X +cos2X—t= ¢

where X, Y, Z=2n % i= X, Yy, z represents the periodicities of the split p structure, the variable n; denotes

the number of unit cell along X, y, z direction while L; indicates the unit cell in each respective direction.
Reducing the wavelength results in smaller cells, increasing the surface-to-volume ratio but decreasing bed
porosity, which ultimately leads to higher flow resistance. This study generates split P lattice structures
using nTop (version 4.2.2), a software capable of creating cubical triply periodic minimal surfaces (TPMS)
structures. The DAC domain was scaled down to 10 x 10 x 10 mm for simulation purposes, particularly to
improve mesh resolution and preliminary design evaluation. To investigate the impact of design parameters
of the split P lattice, the wall thickness was varied at 0.4 mm (SP0.4), 0.8 mm (SP0.8), and 1.2 mm (SP1.2).
Illustrates the domain and split P lattice structures with different wall thicknesses (see Fig 1), and the
specifications of each design variation (Table 1).

10 mm

10 mm
Yy

e

; 10mm

Fig. 1. Comparative design configuration for split P lattice (a) a baseline cubic unit cell, and (b) TPMS split P lattice
structures with variable in-wall thickness, t.
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Porosity

Porosity percentage represents the void space within the material and is calculated as in Equation 2.
Porosity, denoted by &, is defined as the volume of total V1 and solid Vs material. SP0.4 exhibits the highest
porosity at 80%, followed by SP0.8 and SP1.2, with porosities of 58% and 38%, respectively (Table 1).
Structures with higher porosity promote more efficient fluid diffusion and transport through the material
(Patil et al., 2022).

S

s=1—(%)><100 @)

Table 1. Properties of TPMS split P lattice structures with varying wall thicknesses

split P model Unit cell Thickness, t Volume Surface area Mass Porosity
(mm) (mm) (mm°) (mm?) @ (%)
SP0.4 5 0.40 209.64 2128.55 1.68 80
SP0.8 5 0.80 420.68 2111.92 3.37 58
SP1.2 5 1.20 624.42 1919.91 5.00 38

Design Configuration and Boundary Conditions

The STL file generated from nTop was exported to OpenFoam for computational fluid analysis.
Generic meshing libraries, such as blockMesh (BM) for the background mesh and SnappyHexMesh (SHM),
were employed to create separate volume meshes for the solid and fluid regions. A mesh sensitivity analysis
was specifically performed using a total of 6.4 x 10° cells to define the domain. The closed channel within
the simulation domain has dimensions of 70 x 10 x 10 mm (see Fig 2). Air enters through the inlet, flows
through the channel, and exits through the outlet. The split P lattice domain is located at the middle point
of the channel, with the centre line of the lattice positioned 0.035 m from both the inlet and outlet. The
channel walls and TPMS surfaces are both assigned appropriate wall boundary conditions. Laminar inlet
velocities of 0.03 ms?, 0.07 ms, 0.10 ms™, 0.13 ms™, and 0.17 ms™ were set to achieve Reynolds 25, 50,
75, 100, and 125, respectively, for simulation cases, allowing for different flow scenarios in DAC (Table
2) (Attarzadeh et al., 2021).

Table 2. Applied boundary conditions for simulations

Inlet Re numbers U (m/s) v=w=0
25 0.03
50 0.07
75 0.10
100 0.13
125 0.17
Qutlet Uit _ a_T _
ox  dx
du _ av _ w=0
Left and right 9z 0z
du _ av _ v=0
Top and bottom ay dy

Mathematical Model

The simulation employed the finite volume method (FVM) for equation discretization and implemented
the SIMPLE algorithm. This study simulated fluid flow through a channel containing 3D lattice packings
under laminar flow conditions at different inlet velocities. The governing equations used were the
https://doi.org/10.24191/jmeche.v22i2.3709
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momentum and continuity equations for incompressible flow using Equations 3 and 4, respectively (Jiang
et al., 2023; Bragin et al., 2024).

Z_z: + V(uu) = —Vp + vV (Vu) @)
Vi =0 4)

In this equation, u denotes the velocity vector, p is the kinematic pressure, and v is the kinematic
viscosity. The inlet velocity was calculated using Equation 5 of the Reynolds for every case (Xu et al.,
2023).

Wall
Inlet Outlet
Iv ;
”””””””” 0035 W
Fig. 2. Arrangement of the computational domain and boundary conditions.
pDU (5)

Re = ——
u
where U is the inlet velocity, D is the hydraulic diameter for a square duct, p refers to air density,
2
approximately at 1.204 % , and w is the air viscosity of 1.60 x 10'5mT- Darcy's law states that in a porous

media, the pressure drop per unit length is directly proportional to the fluid velocity in laminar flow in
Equation 6 (Karaman & Asl, 2023),

Ap (6)
AL_K'U

where Ap is the pressure differential along the channel, AL is the length of the channel, and K is the
permeability of the porous media.
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RESULTS AND DISCUSSION

Analysis Focus and Limitations

For DAC application, it is desirable to have an active fluid-surface interaction for the carbon desorption
mass transfer reaction to occur. The geometry of the split P design is similar, but the pore sizes are different
due to the variation in the wall thickness. As porosity decreases, the pore area becomes smaller and local
flow resistance increases, inducing a variation of pressure gradient within the internal pores, resulting in
higher velocity separation within the lattice. This potentially leads to the generation of vortices that can
reduce contact time between the sorbent and the wall (Gado et al., 2023; Chen et al., 2024; Tang et al.,
2023). Therefore, a specific split P design must be identified that balances the requirement for uniform flow
distribution, flow strength (local velocity), flow conditions (vortices), and pressure distribution (local
partial pressure) for a carbon adsorption DAC application. The evaluation in this current study is limited to
the flow distribution and optimization of the split P design, influenced by the initial flow strength (inlet
Reynolds number). The results indicate active fluid-surface interaction within the lattices along the flow
direction.

Regions with low velocities (approaching 0 m/s) are considered non-reactive for carbon adsorption
purposes. Flow distribution profiles with high velocities, especially at the surfaces of the lattice, are the
profiles required and best suited for DAC application, as they indicate rapid and active fluid-surface
interaction.

Flow Stream Along the Channel

An example of the velocity profile along the flow channel with respect to xy and xz planes (see Fig 3)
for inlet Re = 75. For all split P models, an increase in velocity was observed in the middle of the plane due
to the development of fully developed flow. It is evident that the air flow velocity is higher in the center
compared to the velocity at the channel walls due to surface friction. Consequently, the flow entering the
split P cells has a non-uniform flow where a fully developed flow is assumed. The maximum velocity is in
the center of the fluid stream and approaches zero at the channel wall surfaces. Thus, the presented analysis
on the fluid flow within the split P lattices is based on the fully developed inlet flow stream. This has
provided an overview of the effect of the split P lattices on the flow stream. An increase in fluid velocity is
evident as it exits the cell due to the pressure reduction effect within the pores. Generally, the exit velocity
is higher for SP1.2 due to the smaller pore sizes, and its flow strength is sufficient to maintain a consistent
streamline towards the exit of the channel, whereas a certain degree of backpressure effect can be expected
for the SP0.4 and SPO0.8 designs due to the lower exit flow strength. However, the backpressure effect takes
place further downstream and does not influence the flow stream profile within the split P cells.

Velocity Distribution in TPMS Split P Cells

Visualization of the flow separation zone is based on the five planes along the split P lattice (see Fig
4). The planes are at positions a, b, c, d, and e, at distances of -0.5 mm, -0.3 mm, 0.0 mm (split P mid-
point), 0.3 mm, and 0.5 mm, respectively, positioned along the x-axis of the split P cell. The lattice surfaces
are modelled with zero mean curvature, therefore enabling unhindered flow in all directions as the fluid
enters the lattice geometry (Peng et al., 2020). The generation of a spinning helical flow motion within the
lattices due to the rapid changes in local Reynolds number, influenced by local pressure gradients (see Fig
5). This helical motion occurs at the center of the unit cell and is the key mechanism towards improving
fluid-surface interactions.
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Fig. 3. Comparative fluid flow profiles within split P lattice structures (SP0.4, SP0.8, and SP1.2) based on the fully
developed initial flow stream at Re75 visualized in the xy and xz planes.
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Fig. 4. Velocity streamlines and dispersion within SP0.4 at Re100. Cross-sections on the yz plane at &, -0.5 mm; b, -0.3
mm; ¢, 0.0 mm; d, 0.3 mm, and e, 0.5 mm.

Helical motion

Fig. 5. Visualization of helical motion patterns leading to enhanced mixing and velocity flow within the internal
geometry.

The flow pattern along the five planes under different split P designs and inlet Reynolds number (see
Table 3). The flow transition is generally eccentric due to directional changes in the helical motion,
influenced by the individual split P designs. As an overview, the flow velocities are low at positions a and
b compared to flow velocities at positions c, d, and e because of pressure reduction along the cell. The size
of the split P pores indicates pressure reduction and the relative local velocities, thereby influencing the
overall flow distribution and fluid-surface interaction. The SP0.4 design clearly fails to induce an effective
fluid-surface interaction at low inlet Reynolds numbers of 25 and 50, as there are large zones with near-
zero velocities. The initial flow strength is too low to generate a significant increase in velocity and uniform
distribution within the lattice cell. The effect is only significant when the inlet Reynolds number is higher
than 75, as higher velocities are induced, and the fluid covers a greater area of the lattice cell. A high inlet
Reynolds number (greater than 75) is needed to obtain a more uniform flow distribution and significant
fluid-surface interaction for the SP0.4 design. The SP0.8 design is more adaptive to low inlet Reynolds
numbers. Visible velocity increase is obtained at Re = 50, but the fluid-surface interaction is considered
good for DAC application only at an inlet Reynolds number of 75 and higher. The SP01.2 design with the
smallest pore size displays the best velocity increase, flow distribution, and fluid-surface interaction. It is
suitable even for low inlet Reynolds numbers and demonstrates a strong capability to increase flow velocity,
ensuring a more uniform distribution within the lattice cells (D'Orazio et al., 2023). The fluid is allowed to
fully occupy the cell zones as the velocity contour at Re = 125 shows very minimal zones with near zero

https://doi.org/10.24191/jmeche.v22i2.3709

©S.U Zainal et al., 2025



200

S.U Zainal et al. / Journal of Mechanical Engineering (2025) Vol. 22, No. 2

fluid velocity. 1t would provide the required conditions for the optimal carbon adsorption process to occur
due to the active contact of the fluid with the lattice surfaces.

Table 3. Velocity distribution within TPMS split P lattice structures viewed from the yz plane

Split P/cross sectional of yz plane (mm)

Re 25 Re 50 Re 75 Re 100 Re 125

(a)-0.5
(b)-03
SP0.4 () 0.0
(d) 0.3
(e) 0.5
(8)-0.5 > O
Py
S
fanfond
SP0.8 () 0.0 W
ISES] ISES] ISES1 [NIS1ISES]
(03 2X2Xo LRART LR AR PRARs 2X 2R
INEY! R A R o
REPY DA Bancat Eancar S
()05 :‘j"; 'M
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(@) -0.5

(b)-0.3

SP1.2 (©) 0.0

(d) 0.3

(e) 0.5

U Magnitude
0.0e+00 02 04 06 0.8 1.0e+00

' ! ! —

However, the surface area of SP1.2 for carbon adsorption is lower than SP0.8 due to the higher wall
thickness. Therefore, SP0.8 is better suited for DAC application as it provides a balance between the total
adsorption surface area and fluid-surface interaction area. The exact interaction ratio is not presented in this
manuscript as it requires a further image processing algorithm to obtain the required values.

Velocity Profile Inside the Channel

The area-averaged fluid velocity at the designated yz plane (see Fig 6). A lattice structure evidently
increases the flow velocity as the fluid flows through the central region (y, z = 0, 0) of the cross section
along the direction of the channel (x-axis). This is because, in this region, the velocity has reached its
maximum velocity due to the fully developed flow in the channel. The impact of wall thickness is also
evident where pores with greater sizes register greater area-averaged velocity due to lower pressure
reductions (see Fig 7). The streamwise velocity magnitude in the x-direction is increased by an average of
125% for SP0.8, while the increments are only 96% and 82% for SP0.4 and SP1.2, respectively. The high
average velocity is due to reduced resistance to flow, which allows a greater amount of fluid to pass through.
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Fig. 6. Analysis of velocity profiles within TPMS split P lattice structures (a) data collection points on the yz plane, and
(b) velocity of Ux/Uref at point at y = 0 and z = 0 of SP0.4, SP0.8, and SP1.2 for various Reynolds numbers.
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Fig. 7. Pressure profile at z = 0, y = 0 of SP0.4, SP0.8, and SP1.2 for various Reynolds numbers.

Pressure Profile Analysis

In a lattice structure, sudden changes in cross-sectional area are the cause of significant pressure
variations between the inlet and outlet (Attarzadeh et al., 2022; Lee et al., 2022). Pressure reduction analysis
clearly shows the effect of wall thickness on the changes in fluid pressure (see Fig 8).

Pressure drop against Re

45
a0 |
B SP0.4
35 +
B SP0.8
30 +
g H SP1.2
3 25 +
w
2 20 +
o
15 —+
10 +
535
> 042117
0 1 ——omm
Re25

Re75
Re number

Rel00 Rel25

Fig. 8. Comparative pressure drops of TPMS split P lattice structures (SP0.4, SP0.8, and SP1.2) at various Reynolds

numbers.
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Increased wall thickness reduces pore size, resulting in greater resistance to flow as the fluid must
navigate through a constricted space. The SP1.2 has the highest value of pressure loss, which is 9 times
higher than SP0.4. For DAC application, local fluid pressure on the cell surfaces is an important parameter.
Sufficient pressure must be exerted by the fluid on the adsorption catalyst in order to facilitate the carbon
adsorption process. The 0.8 mm wall thickness obtained an ideal balance between pressure drop and
velocity distribution, ensuring a more uniform and efficient flow through the lattice structure. Compared to
earlier TPMS studies (Hawken et al., 2023; Zimmer et al., 2021) which focused primarily on gyroid and
diamond structures, the split P lattice demonstrates superior flow uniformity and pressure reduction, crucial
for optimizing DAC reactor performance. Therefore, a suitable split P lattice structure should be able to
provide the required balance between high fluid-surface interaction (dependent on fluid velocity and
distribution) with acceptable pressure reduction across the cell.

CONCLUSIONS

In this current study, the TPMS split P lattice with various thicknesses of the unit cell was examined under
different inlet Reynolds numbers. The conclusions are as follows:

i. Surface area and porosity: Reducing the wall thickness of the unit cell from 1.2 mm to 0.8 mm
and 0.4 mm increased the total surface area by 1% to 4% and porosity from 12% to 23%,
respectively. This optimization is significant for DAC systems, as it enhances the contact
between air and the sorbent material, thereby improving CO, adsorption efficiency.

ii. Fluid flow in split P: The smaller wall thickness significantly influences fluid flow within the
split P structure, as demonstrated by a 128% increase in average fluid velocity. Furthermore, it
allows for higher fluid velocity through the structure due to reduced flow resistance. This
highlights the critical role of wall thickness in optimizing fluid flow, which is essential for
ensuring efficiency and performance.

iii. Pressure drops: The smaller pores, resulting from higher wall thickness, created greater
resistance in the structure, leading to a lower average velocity for a given pressure difference.
This occurs because friction and viscous forces limit the amount of fluid that can pass through.
In relation to the split P design configuration for improved CO- capture, it is essential to find the
right balance between pore size and flow efficiency to maximize surface area for effective
performance.

iv. Velocity distribution: Higher wall thickness caused the fluid to accelerate in confined spaces.
This creates higher local velocities within the smaller pores as seen in SP1.2. This is why SP1.2
leads to a steeper velocity gradient, creating more significant velocity variations across the pores
compared to SP0.8 and SP0.4. This causes higher maximum localized velocities compared to
structures with larger pores.

Thus, given that lower averaged velocities could affect the efficiency of the absorption and desorption
cycles, an optimal cell thickness between 0.4 mm and 0.8 mm is recommended. This balance ensures
efficient mass transfer while minimizing excessive head loss. The numerical analysis successfully
correlates the fluid flow within a split P lattice structure, and the simulation model allows further design
optimization for an applied DAC system. Future work should focus on experimental validation of these
CFD results, as well as the adaptation of the split P lattice for turbulent flow conditions to expand its
applicability to higher Reynolds number regimes.
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